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(54) Cryogenic coupler 

(57) A cryogenic coupler includes a socket (10) and 
a plug (11) that can be detachably inserted into the 
socket. The socket and the plug have passages (10a) 
for passing a cryogenic medium therethrough, and are 
provided with valves (10b. lib) for blocking the respec- 
tive passages when the plug is disconnected from the 
socket. A seal assembly is arranged between opposite 
end surfaces of the socket and the plug. The seal 



assembly has a resilience characteristic that is substan- 
tially uninfluenced by the cryogenic temperature, and 
thus prevents leakage of the cryogenic medium to out- 
side, when passages in the socket and the plug are con- 
nected to each other. The coupler allows a facilitated 
connection and disconnection of the passages, even 
under a low temperature condition. 



FIG.2 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention - 

10001] The present invention relates to a cryogenic 
coupler which can be advantageously used to achieve 
connection and disconnection of passages for a cryo- 
genic medium, such as liquefied helium or liquefied 
nitrogen, that is to be delivered to a desired location. 

2. Description of the Related Art 

[0002] A cryogenic medium, such as liquefied helium 
or liquefied nitrogen, is typically under a low tempera- 
ture within the range of 20-1 OOK. When such cryogenic 
medium is delivered to a desired location, pipes are 
used which are formed of a material capable of effec- 
tively withstanding the low temperature. Generally, the 
pipes are connected to each other at the flanges on 
opposite ends thereof, with bolts and nuts. 
[0003] The pipe connection with flanges is associated 
with the problems that, not only the connecting or dis- 
connecting operation is troublesome, but also the dis- 
connection of the pipes is impossible unless the 
cryogenic medium in the pipe is discharged and the 
temperature is then allowed to rise to around 260K. 
[0004] In recent years, couplers of the type shown in 
Fig. 1 have come to be used, which are designed so 
that the flow passages can be readily connected or dis- 
connected by a one-touch operation. This type of cou- 
pler comprises a socket 2 provided with an interior 
passage 1 which is in communication with a pipe for the 
supply medium, and a plug 4 which is removably 
inserted into an opening 2a at one side of the socket 2 
and provided with a passage 3 to be communicated with 
the passage 1 . In use, a sleeve 5 on the outer periphery 
of the socket 2 is caused to slide against the counter- 
force of a spring S which is arranged on the inner side 
of the sleeve 5, so that the free end of the plug 4 can be 
inserted into, or removed from the opening 2a of the 
socket 2. The sleeve 5 is then returned by the spring S 
to its initial position, thereby completing the connection 
or disconnection of the passages for the supply 
medium. Such a design makes it possible efficiently to 
achieve the connection or disconnection of the pas- 
sages, in a facilitated and reliable manner. This type of 
coupler is typically provided with check valves 6, 7 in the 
passages 1 . 3. which serve to prevent leakage of the 
supply medium from the socket 2 and the plug 4 even 
under the presence of the supply medium in the pipes 
extending to the plug 4 or to the socket 2. This is 
because the valve bodies 6a and 7a of the check valves 
are automatically urged against the inner walls of the 
socket 2 and the plug 4, respectively, by the operation of 
springs 8 and 9. after the passages have been discon- 
nected from each other. 



[0005] The conventional coupler described above 
uses an O-ring P as a seal element between the socket 
and the plug, for preventing leakage of the supply 
medium. However, the resilience of the O-ring P tends 
to be lost due to the shrinkage particularly when the 
coupler is used under the cryogenic temperature condi- 
tion. Therefore, it is again difficult to connect or discon- 
nect the socket and the plug to or from each other, 
unless the supply medium in the passage is removed 

0 and the temperature is then allowed to rise to around 
260K. as in the case of the above-mentioned flanged 
pipe connection. The duty range of the conventional 
coupler is from -20^C to +180°C in temperature and 
around 5 MPa in normal pressure, and there are no cou- 

5 piers known at present, that can be used at a lower tem- 
perature range. 

niRPJ ORURE OF THE INVENTION 

?o [0006] It is an object of the present invention to pro- 
vide an improved cryogenic coupler capable of achiev- 
ing connection or disconnection even under a low 
temperature condition, in a facilitated and reliable man- 
ner and without leakage of the supply medium. 
25 [0007] According to the present invention, there is pro- 
vided a cryogenic coupler which comprises: a socket 
having a first passage for a cryogenic medium passage, 
and an opening at one end thereof; a plug which can be 
inserted into said opening and thereby detachably con- 
so nected to the socket, said plug having a second pas- 
sage which is communicated with said first passage 
when the plug is connected to the socket; a first valve 
provided for the socket, for blocking the first passage 
when the plug is disconnected from the socket; a sec- 
35 ond valve provided for the plug, for blocking the second 
passage when the plug is disconnected from the socket; 
and a seal assembly arranged between opposite end 
surfaces of the socket and the plug in said opening, for 
preventing leakage of the cryogenic medium from said 
40 passages to outside when the plug is connected to the 
socket. 

[0008] The present invention eliminates use of an O- 
ring that is significantly influenced by the temperature of 
the supply medium. Instead, a seal assembly is 

45 an-anged between the opposite end surfaces of the plug 
and the socket, and has a resilience characteristic that 
is substantially uninfluenced by the cryogenic tempera- 
ture. Thus, the socket and the plug of the coupler can be 
connected to. or disconnected from each other without 

50 any problems even at a low temperature condition, in a 
facilitated and highly reliable manner. 
[0009] Incidentally, when the socket and the plug of 
the coupler are to be connected to each other with the 
seal assembly placed in position, the fastening force 

55 required would be the greater as the tightening allow- 
ance increases. In this instance; the socket and the plug 
may be held by respective clamps and connected 
together while being gradually compressed toward each 
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Other. 

[001 0] Advantageously, the seal assembly comprises 
first and second resin seal rings which are engageable 
with the opposite end surfaces of the socket and the 
plug, respectively, and a metal seal ring arranged 
between, and adjacent to, the first and second resin 
seal rings. 

[001 1 ] In this instance, it is preferred that the first and 
second resin seal rings corrprises fluorine type resin, 
and/or the metal seal ring comprises stainless steel, 
copper or copper alloy. 

[0012] Preferably, the metal seal ring has a surface 
provided with an annular ridge which is engageable with 
one of the first and second resin seal members. In this 
instance, the metal seal ring has an opposite surface 
which may be provided with an annular groove so that 
the annular groove is engageable with the other of the 
first and second resin seal members. 
[0013] Preferably, the seal assembly further com- 
prises a retainer ring engaged with an inner peripheral 
surface of the opening, in the socket for retaining the 
seal rings in the opening. The retainer ring may com- 
prise either resin or metal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] The present invention will be further described 
below with reference to the accompanying drawings, in 
which: 

Fig. 1 is a sectional view showing a conventional 
coupler; 

Fig. 2 is a sectional view showing one embodiment 
of the cryogenic coupler according to the present 
invention; 

Fig. 3 is an exploded view showing the cryogenic 
coupler of Fig. 2 with the socket and plug separated 
from each other; 

Fig. 4 is a sectional view showing one example of 
the seal assembly; 

Fig. 5 is a sectional view showing another example 
of the seal assembly; 

Figs. 6a and 6b are longitudinal sectional view and 
front view of the valve body, respectively; 
Figs. 7a and 7b are front view and side view show- 
ing one example of the seal ring, respectively; 
Figs. 8a and 8b are front view and side view show- 
ing another example of the seal ring, respectively; 
Figs. 9a and 9b are front view and side view show- 
ing the metal seal ring, respectively; and 
Figs. 10a and 10b are front view and side view 
showing the retainer ring, respectively. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 5] Referring now to Fig. 2, there is shown an over- 
all structure of the cryogenic coupler according to one 
embodiment of the invention. The cryogenic coupler 



according to the invention includes a socket 10 and a 
plug 1 1 , which can be connected to. or disconnected 
from each other in essentially the manner as those in 
the conventional coupler which has been described 

5 above with reference to Rg. 1 . 

[0016] Thus, the socket 10 has a passage 10a which 
is connected to a supply medium passage, and a valve 
10b for blocking the passage 10a when the socket 10 is 
disconnected from the plug 1 1 . The plug 1 1 is detacha- 

10 biy received in a substantially cylindrical opening at one 
end of the socket 10, and has a passage 11a which is 
communicated to the passage 10a. Similar to the socket 
10, the plug 11 also has a valve 11b for blocking the 
passage 11a when the plug 1 1 is disconnected from the 

IS socket 10. 

[001 7] When the plug 1 1 is received in the opening of 
the socket 10. a gap 12 is left between the free end of 
plug 11 and the inner wall of the socket 10 which is 
opposite to the end of the plug 10. As particularly shown 

20 in Fig. 3. in a condition in which the plug 1 1 is discon- 
nected from the socket 10, a seal assembly 13 is 
arranged in the gap 12. The seal assembly 13 serves to 
prevent undesirable leakage of the supply medium from 
the connection between the socket 10 and the plug 1 1 . 

25 The seal assembly 13 includes a retainer ring 13a, a 
pair of resin seal rings 13b, and a metal seal ring 13c 
which is sandwiched by the resin seal rings 13b. The 
retainer ring 13a retains the seal rings 13b and 13c in 
position. The metal seal ring 13c has an annular ridge t^ 

30 on its one side, and an annular recess X2 on its opposite 
side. The annular ridge t-i is tightly engageable with the 
sealing surface of one of the resin seal rings 13b, while 
the annular recess t2 is tightly engageable with the seal- 
ing surface of the other resin seal ring 13b. 

35 [0018] Fig. 4 is an enlarged view of the connection 
between the plug 11 and the socket 10. When the plug 
1 1 and the socket 1 0 are connected to each other, the 
seal assembly 13 has a reduced thickness due to the 
compression of the seal rings 13b and 13c relative to 

40 each other. In this instance, the annular ridge t^ on the 
metal seal ring 13c is forced into the adjacent resin seal 
ring 13b, while the resin seal ring 13b on the opposite 
side is partly forced into the annular recess t2. thereby 
providing an improved sealing characteristic. 

45 [001 9] In the seal assembly 13 of the coupler accord- 
ing to the present invention, it is preferred that the seal 
ring retainer 13a comprises phosphor bronze having an 
improved machinability and a high resistance to corro- 
sion due to moisture or the like. However, the material 

50 for the retainer ring 13a is not necessarily limited to 
phosphor bronze, provided that it is capable of retaining 
the seal rings by its own resilience in the opening of the 
socket 10, thereby ensuring that the seal rings are pre- 
vented from undesirable dislocation. The retainer ring 

55 1 3a not only serve to retain the seal rings in position, but 
also provides an improved sealing effect since the 
retainer ring, per se, functions as a sort of seal ring. 
Furthermore, it is preferred that the resin seal rings 13b 
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comprise fluorine resin, such as tetrafluoroethylene or 
trifluorochloroethylene. This type of fluorine resin is 
readily available on market, for example, as Teflon . It 
is also preferred that the metal seal ring 13c comprises 
stainless steel, in particular austenite stainless steel 
(e.g.. SUS304L), or copper or copper alloy. The thick- 
ness and the outer and inner diameters of each seal 
ring may be determined as appropriate, in accordance 
with the dimension of the gap 12 in the coupler. 
[0020] Fig. 5 shows a modified embodiment of metal 
seal ring 1 3c in the seal assembly 1 3. The annular ridge 
ti of the metal seal ring 13c may have a cross-section 
as shown in Fig. 5. It is also possible to provide two or 
more annular ridges ti which are arranged in concentric 
manner, in order to enhance the sealing performance. 
Both Fig. 2 and Fig. 5 show an embodiment in which the 
annular recess tg is provided on the opposite side of the 
annular projection t^ Depending upon the operational 
conditions of the cryogenic coupler, it may be possible 
to reliably prevent leakage of the supply medium even 
without the annular recess tg. However, the provision of 
the annular recess tg is preferred in that the metal seal 
ring itself functions as a spring to stably maintain the 
desired surface pressure, which is required for achiev- 
ing the sealing function, even after repeated use of the 
coupler for a long period. 

[0021] As shown in Fig. 2, the cryogenic coupler is 
provided with valve 10b and valve 11b as a means of 
blocking the passage of the supply medium when the 
plug is disconnected from the socket 10. These valves 
10b. 11b each has a valve body as shown in Figs. 6a 
and* 6b. The valve body may be provided with a seal 
member S^, such as an 0-ring. to enhance the sealing 
function. It is highly preferred that the seal member Si 
comprises fluorine resin, such as Teflon®, in view of 
positive prevention of leakage of the supply medium 
leakage under a cryogenic temperature condition, and 
also in view of the compatibility of the material with the 
supply medium on the contact surfaces. The seal mem- 
ber Si has a cross-section which may be circular (Figs. 
2 and 3) or rectangular (Fig. 6a). 
[0022] The cryogenic coupler according to the present 
invention is used by connecting the socket 10 and the 
plug 1 1 to each other, with the plug 1 1 received in the 
opening of the socket 10. In this instance, the dimension 
from the free end of the plug 11 to the abutment surface 
of the socket 10 may be 0.7 mm. The particulars of the 
sea! rings 13b. 13c and the retainer ring 13a are shown 
in Figs. 7a. 7b. Figs. 8a. 8b. Figs. 9a. 9b and Figs. 10a. 
10b. These elements are arranged in the gap 12 in the 
manner as shown in Fig. 5. 

[0023] Investigations have been carried out to deter- 
mine whether the leakage of liquefied helium from the 
coupler occurs while the liquefied helium is being sup- 
plied, with the passage extending to the socket 10 con- 
nected to a liquefied helium container and the plug 1 1 
connected to a helium gas recovery passage, and to 
check the ease of connection and disconnection of the 



coupler at various temperatures. 
[0024] For this investigation, a thermocouple (gold- 
iron/nickel -chromium alloy known as Chromer") has 
been used to measure the temperature of the coupler. It 
5 was found that the coupler was under the temperature 
of 20 - 30K. The pressure in the helium gas recovery 
passage was also measured with a manometer, and it 
was found that the pressure during the supply of the 
medium was around 300 mm H2O on average and the 
10 maximum pressure was 800 mm HgO when the lique- 
fied helium fills the container completely and begins to 
overflow. 

[0025] A hand detector "CHECK 84" (manufactured 
by Edwards Corp.) was used to test for the leakage of 
IS the liquefied helium at different temperature levels of 
130K. 120K. 100K. 70K and 20-30K. The results reveal 
that the leakage of the liquefied helium from the coupler 
could be positively prevented at any temperature level. It 
was thus possible to confirm the functional advantages 
20 and effectiveness of the cryogenic coupler according to 
the present invention. 

[0026] Moreover, the socket and the plug were con- 
nected to. and disconnected from each other during the 
measurement when it was found that the operation 
25 could be readily carried out without any problems or dif- 
ficulties. Repeated tests were carried out by connecting 
and disconnecting the coupler several hundreds of 
times when it was found that the sealing properties can 
be well maintained. 
30 [0027] The present invention thus provides an 
improved cryogenic coupler which is capable of prevent- 
ing leakage of the cryogenic medium to outside, when 
the passages in the socket and the plug are connected 
to each other, and which allows a facilitated connection 
35 and disconnection of the passages, even under a low 
temperature condition. 

[0028] While the present invention has been 
described above with respect to specific embodiments, 
they have been presented by way of examples only, and 
40 various changes or alterations may be made without 
departing from the scope of the invention as defined by 
the appended claims. 
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Claims 

1 . A cryogenic coupler comprising: 

a socket having a first passage for a cryogenic 
medium passage, and an opening at one end 
thereof; 

a plug which can be inserted into said opening 
and thereby detachably connected to the 
socket, said plug having a second passage 
which is communicated with said first passage 
55 when the plug is connected to the socket; 

a first valve provided for the socket, for blocking 
the first passage when the plug is disconnected 
from the socket; 
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a second valve provided for the plug, for block- 
ing the second passage when the plug is dis- 
connected from the socket; and 
a seal assembly arranged between opposite 
end surfaces of the socket and the plug in said s 
opening, for preventing leakage of the cryo- 
genic medium from said passages to outside 
when the plug is connected to the socket. 

2. The cryogenic coupler according to Claim 1, w 
wherein said seal assembly comprises first and 
second resin seal rings which are engageable with 
said opposite end surfaces of the socket and the 
plug, respectively, a metal seal ring arranged 
between, and adjacent to. said first and second is 
resin seal rings. 

3. The cryogenic coupler according to Claim 2, 
wherein said seal assembly further comprises a 
retainer ring engaged with an inner peripheral sur- 20 
face of said opening, for retaining said seal rings in 
said opening of the socket. 

4. The cryogenic coupler according to Claim 2. 
wherein said metal seal ring has a surface provided 25 
with an annular ridge which is engaged with one of 
said first and second resin seal members. 

5. The cryogenic coupler according to Claim 2, 
wherein said metal seal ring has a surface provided 30 
with an annular groove which is engaged with one 

of said first and second resin seal members. 

6. The cryogenic coupler according to Claim 2, 
wherein said first and second resin seal rings com- 35 
prise fluorine resin. 

7. The cryogenic coupler according to Claim 2. 
wherein said metal seal ring comprises one of 
stainless steel, copper and copper alloy. 40 

8. The cryogenic coupler according to Claim 3, 
wherein said retainer ring comprises one of resin 
and metal. 

45 
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(54) Cryogenic coupler 

(57) A cryogenic coupler Includes a socket (1 0) and 
a plug (1 1 ) that can be detachably Inserted into the sock- 
et. The socket and the plug have passages (10a) for 
passing a cryogenic medium therethrough, and are pro- 
vided with valves (10b, 11b) for blocking the respective 
passages when the plug is disconnected from the sock- 
et. A seal assembly is arranged between opposite end 



surfaces of the socket and the plug. The seal assembly 
has a resilience characteristic that is substantially unin- 
fluenced by the cryogenic temperature, and thus pre- 
vents leakage of the cryogenic medium to outside, when 
passages in the socket and the plug are connected to 
each other. The coupler allows a facilitated connection 
and disconnection of the passages, even under a low 
temperature condition. 



FIG. 2 
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